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Non-surgical interdisciplinary management for an adult patient 
with a Class III malocclusion 
 
 
ABSTRACT 
 
Non-surgical camouflage orthodontic treatment can be effective for the management of 
carefully selected patients with mild to moderate Class III malocclusion. This case report 
demonstrates how a synergistic combination of camouflage orthodontic treatment and 
appropriate adjunctive restorative procedures provided a pleasing treatment outcome for a 
patient with a significant skeletal Class III malocclusion and diminutive maxillary lateral 
incisors.  
 
INTRODUCTION 
 
The treatment of skeletal Class III malocclusions is generally associated with significant 
challenges. Although relatively rare in Caucasian populations, Class III skeletal malocclusions 
are often subject to familial influences, with the prevalence varying across difference ethnic 
and racial groups.1,2,3 Class III malocclusion may result from true mandibular prognathism, 
maxillary hypoplasia and subsequent retrognathism, or a combination of both phenomena.4 
Certain cephalometric features have been associated with Class III malocclusion, including a 
retrusive maxilla, mandibular prognathism, proclined maxillary incisors and retroclined 
mandibular incisors.5,6 For adult patients, Class III treatment is generally limited to either 
orthodontic camouflage for mild-moderate cases or combined surgical-orthodontic 
treatment for moderate-severe cases.5,7 Successful orthodontic camouflage treatment 
primarily provides appropriate dentoalveolar compensation, which aims to reduce the 
overall appearance of the underlying skeletal problem while improving the patient’s 
occlusion, function and dental aesthetics.7,8  A
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Clinical evidence suggests that congenital absence of teeth and reduction in tooth size are 
associated with hypodontia and hypoplasia of maxillary lateral incisors often present 
simultaneously.9 Numerous pedigrees have been published linking the two characteristics 
and implying that they are different expressions of the same disorder. It has been 
hypothesised that a tooth germ must reach a critical size during a particular stage of 
development or the structure will regress.10 A previous study also showed that hypodontia 
and reduction in tooth size are in fact controlled by the same or related gene loci.11 It seems 
clear that tooth size fits the polygenic multi-factorial threshold model.9 
It has been well established that a reduction in mesiodistal tooth widths or number of teeth 
in the maxillary arch will lead to a smaller overall arch perimeter, which may in turn lead to 
a reduction of the anterior overjet and overbite. These geometrical alterations can result in 
a Class III incisor relationship despite a patient’s skeletal base relationship being Class I. In 
addition to this, a recent study has found that the frequency of bilateral congenitally missing 
maxillary lateral incisors is 12.5% in skeletal Class III patients.12 This challenging clinical 
scenario often requires a combined surgical-orthodontic treatment approach to achieve a 
predictable and pleasing outcome. 
The average mesio-distal width of maxillary permanent lateral incisor has been reported to 
be 6.5mm.13 Maxillary lateral incisors with non-descript, tapered or pointed forms are 
commonly described as peg-shaped lateral incisors.13 Peg-shaped maxillary lateral incisors 
have been linked to familial trends and other dental anomalies, thus suggesting a polygenic 
aetiology.14 The prevalence of diminutive maxillary lateral incisors and maxillary peg lateral 
incisors has been reported to be 5.6% and to be 1.3% respectively.13 Recognition and 
quantification of a Bolton’s tooth ratio discrepancy are important to determine the most 
appropriate treatment option for the individual patient.15 Peg-shaped maxillary lateral 
incisors are almost invariably associated with a significant anterior Bolton’s tooth-size 
discrepancy,16 with a relative mandibular tooth size excess greater than 1.6 mm deemed to 
represent a significant Bolton’s tooth-size discrepancy.15 This clinical scenario generally 
requires appropriate adjunctive restorative treatment to re-establish a correct anterior 
Bolton’s ratio, which in turn permits a more ideal overall occlusal outcome. It is important 
to note that posterior Bolton’s tooth ratio discrepancies also commonly exist, although their A
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clinical appearance may be far more subtle and thus not easily detected. Ho and Freer 17 
developed the Graphical Analysis of Tooth Width Discrepancy (GATWD) to address this 
issue. The GATWD method has the major clinical advantages of being able to localise and 
quantify any pre-existing tooth width discrepancy, particularly for patients where a tooth 
size discrepancy is not obvious.  
The available restorative treatment options for small or peg-shaped laterals are influenced 
by the patient’s age and overall occlusion, the pre-existing periodontal and dental health, 
the severity of the Bolton’s discrepancy, the potential for interdisciplinary restorative and 
orthodontic management and the expected financial implications of any recommended 
treatment.18,19 
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CASE REPORT 
 
A 20-year-old medically healthy patient was referred for an orthodontic consultation. The 
presenting concern was the appearance of the maxillary anterior teeth, in particular, the 
spacing between the teeth and the rotated maxillary right lateral incisor (Figure 1). The 
panoramic radiograph demonstrated the presence of all permanent teeth (Figure 2a). 
Bilaterally, the maxillary lateral incisors were determined to be diminutive in size. The 
maxillary midline was located 3mm to the right-hand side of the mandibular and facial 
midline, with this deviation primarily due to the small size and palatal displacement of the 
maxillary right lateral incisor. A complete anterior crossbite and posterior lingual crossbite 
was noted on the right-hand side, indicating a Class III dental malocclusion with a relative 
transverse arch discrepancy. The lateral cephalograph revealed a moderate Class III skeletal 
relationship with a retrusive maxillary position and mesofacial vertical proportions (Figure 
2b). Minimal intra-arch crowding was evident and no functional mandibular shift from the 
retruded contact position to maximum intercuspation was evident.  
 
The relevant diagnostic findings were summarised and systematically arranged as a problem 
list (Table 1). The relevant treatment options were discussed in detail, with their respective 
objectives, advantages and disadvantages clearly outlined (Table 2). The ideal treatment 
option of bimaxillary orthognathic surgery was declined. The alternative treatment option of 
orthodontic camouflage was accepted by the patient. Although both treatment options 
would require restorative procedures for the undersized maxillary lateral incisors to re-
establish normal tooth proportions, the orthodontic camouflage option would rely on a 
significant increase in the maxillary lateral incisor tooth widths and length to achieve 
positive anterior overjet and overbite.  
 
The patient exhibited good oral hygiene and general dental health, however, the 
mandibular third molar teeth were reported to be symptomatic. Therefore, the patient was 
referred to an oral and maxillofacial surgeon for removal of the impacted third permanent 
molars prior to commencing orthodontic treatment.  A diagnostic plaster model set-up was 
performed to predict the extent of orthodontic camouflage correction required and to 
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determine the approximate dimensions of the future maxillary anterior restorations (Figure 
3). The orthodontist and general dentist subsequently liaised to plan the post-orthodontic 
restorative procedures for the diminutive maxillary lateral incisors.  
 
Complete maxillary and mandibular fixed labial appliances were placed and preliminary 
intra-arch alignment was obtained. Fourteen months into active orthodontic treatment, a 
positive anterior overjet and overbite had been achieved, however, the maxillary dental 
midline position required further adjustment relative to the facial midline. Nickel-titanium 
coil spring was placed on the upper archwire to open additional space mesial and distal to 
the undersized maxillary lateral incisors (Figure 4). 
 
A progress panoramic radiograph obtained 14 months into active treatment demonstrated 
acceptable overall root parallelism (Figure 5a). The progress cephalograph indicated that 
the positive anterior overjet was achieved primarily through the planned proclination of the 
maxillary anterior teeth (Figure 5b). Superimposition of the pre-treatment and progress 
cephalographs revealed appropriate dentoalveolar compensation of the maxillary and 
mandibular anterior teeth accompanied by minimal clockwise rotation of the mandible 
(Figure 5c,d). 
 
Clear communication between the orthodontist and restorative dentist was essential to 
determine the ideal pre-restorative positions of the maxillary anterior teeth, along with the 
preferred restorative material. The patient also wished to undergo teeth bleaching prior to 
the placement of the final restorations for cosmetic reasons. Directly bonded composite 
resin was the preferred restorative material. Given the patient’s age and good standard of 
oral hygiene, it was expected that the margins of the restorations would be adequately 
cleaned and that the gingival heights should remain relatively stable.  
 
The fixed labial appliances were removed after 17 months of active orthodontic treatment 
and a flossable stainless steel wire retainer was bonded to the mandibular anterior teeth 
(Figure 6). Maxillary and mandibular vacuum-formed Essix® C+ material (Raintree Essix, Inc, 
Zendura®) removable retainers were also issued for indefinite nocturnal wear. Three 
months after completion of the active orthodontic treatment, cosmetic whitening (Polar 
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Day® 6% hydrogen peroxide) was performed and composite resin (Inspiro®- shade B1 with 
Azure® tints, Edelweiss DR AG) was directly bonded to restore the diminutive maxillary 
lateral incisors (Figure 7). The maxillary vacuum-formed retainer was re-made following the 
placement of the composite resin restorations.   
 
The importance of indefinite retention with fixed and removable retainers was discussed in 
detail prior to commencing orthodontic treatment, as this should form part of the informed 
consent discussion for any orthodontic clinician. Given the minimal orthodontic treatment 
change to the transverse dimension in the maxillary molar region and the patient 
preference for a less visible removable retainer, a traditional Hawley retainer with palatal 
coverage was not issued. A Hawley retainer is generally indicated following significant 
maxillary transverse expansion. Another advantage of the maxillary vacuum-formed 
retainer is that it can be used for additional tooth bleaching if desired under the supervision 
of the restorative dentist. Photographs obtained 17 months following the removal of fixed 
appliances (Figure 8) demonstrate satisfactory stability of the orthodontic treatment 
outcome and pleasing aesthetics. 
 
 
DISCUSSION 
 
This case report highlights the need for careful and considered interdisciplinary treatment 
planning for a patient presenting with a moderate Class III malocclusion.  Treatment 
planning for Class III patients are often associated with clinical dilemmas, as the definitive 
surgical-orthodontic management may be extensive. Treatment approaches should not be 
initiated until the exact aetiologies (i.e. dental, skeletal, or a combination of both) of the 
malocclusion are elucidated.20 It is worth noting that many, however not all, adult Class III 
patients have negligible remaining facial growth potential. The definition of a “non-growing” 
patient is not related to a particular chronological age, rather two calibrated sequential 
cephalometric radiographs which demonstrate negligible facial dimension change. The 
presence of skeletal maturity provides more certainty regarding the long-term 
morphological outlook, as opposed to actively growing adolescent patients. All reasonable A
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and relevant treatment options must be presented, clearly outlining the relative 
advantages, disadvantages and expected costs of each option. Clinicians must also 
understand the predictability of each treatment option when providing information to a 
Class III patient regarding the options of orthodontic camouflage alone versus a combined 
surgical-orthodontic (i.e. orthognathic surgery) approach.7, 8, 21 
Amongst the most important factors which help determine the clinical appropriateness of 
orthodontic camouflage for Class III malocclusion patients are the size of the 
anteroposterior discrepancy, the inclination of the mandibular incisors and the appearance 
of the soft-tissue profile.21 It has been reported that achieving acceptable dentofacial 
treatment outcomes with orthodontic camouflage treatment can be challenging for patients 
with severe skeletal-dental dysplasias.22 Careful case selection and well-executed treatment 
are essential along with appropriate informed consent. A clear and detailed discussion with 
the patient is critically important, as potential and/or specific compromises may arise from 
any relevant treatment option.  For example, orthodontic camouflage treatment for a 
moderate Class III malocclusion may result in excessive mandibular incisor retroclination, 
which in turn, can negatively impact upon periodontal health and potentially accentuate 
chin prominence. It has been reported that gingival recession can occur for Class III patients 
camouflaged by greater dental compensations.22 In this case report, the maxillary incisors 
were appropriately re-angulated to provide positive overjet, however, the mandibular 
incisor angulation remained virtually unchanged. Correction of the right-hand side posterior 
lingual crossbite was not a treatment objective. Attempting to correct this posterior lingual 
crossbite without surgically-assisted maxillary expansion would undesirably tip the crowns 
maxillary molar teeth buccally, which can result in non-working side interferences, an 
anterior open bite and poor stability.  
Surgical-orthodontic treatment aims to re-align teeth on their respective skeletal bases and 
then re-position the skeletal base relationship to correct the skeletal Class III malocclusion.8  
Although some facial improvement may be achieved through camouflage treatment, the 
expected changes are smaller when compared to the significant soft tissue profile 
improvement associated with orthognathic surgery.8 Surgical-orthodontic treatment has 
been shown to provide consistently greater skeletal base relationship correction, greater 
reduction in chin prominence and more favourable lip and chin contours. 8 
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Despite the relative advantages of surgical-orthodontic treatment, an individual’s 
personality and preferences will influence their overall treatment decision. Research has 
indicated that an individual patient’s psychology, rather than morphologic characteristics, 
may have a stronger influence on whether or not that individual decided to accept a 
surgical-orthodontic treatment option.23, 24 This may explain why some patients, as in this 
case, decline the theoretically ideal surgical-orthodontic treatment option.  
The seminal article by Andrews outlined the six keys to normal occlusion and emphasised 
that these keys were inter-related factors which combine to provide ideal static occlusion.25 
In subsequent years, Bennett and McLaughlin suggested that correct tooth size should be 
recognised as the seventh key to normal occlusion, as disparities in the sum of tooth widths 
in the upper arch compared to the lower arch can result in occlusal disharmony.26  
A Bolton’s analysis can be performed to determine if a tooth size discrepancy exists through 
comparing the sum of the mesio-distal widths of the mandibular teeth over the sum of the 
widths of the maxillary teeth. Peg-lateral incisors are invariably associated with a significant 
Bolton’s tooth-size discrepancy16 and a mandibular tooth-size excess greater than 1.6 mm is 
generally deemed to represent a significant Bolton’s tooth-size discrepancy.15 Such a clinical 
scenario generally requires adjunctive treatment to re-establish a correct anterior Bolton’s 
ratio and ideal occlusion. Furthermore, individuals with undersized maxillary lateral incisors 
may also be more prone to having a median diastema from passive distal drift of the 
maxillary central incisors.27 In addition, smaller maxillary lateral incisors may also allow the 
formation of other diastemata in the anterior region due to their reduced mesio-distal 
widths.27 
Management strategies for a Bolton’s discrepancy resulting from undersized or peg-shaped 
lateral incisor may vary depending upon the patient’s preferences, the emergence profile of 
the tooth, along with the predictability and expected longevity of the proposed restoration. 
In addition to these factors, the relative size of the teeth in the opposing arch, the type of 
occlusal relationship and/or presenting malocclusion must also be considered. In this case 
report, the Bolton’s discrepancy was determined to be a significant relative maxillary tooth 
deficiency due to the bilateral presence of diminutive maxillary lateral incisors. This 
maxillary tooth width deficiency combined with the moderate Class III skeletal base A
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relationship resulted in the presenting reverse anterior overjet. Recognising and addressing 
this significant tooth size problem was essential to facilitate the success of the orthodontic 
camouflage treatment. That is, increasing the overall dimensional size of the maxillary 
lateral incisors directly contributed to the provision of positive anterior overjet along with 
the expected improvement in anterior smile aesthetics.    
 
As in this case, a pre-treatment diagnostic model set-up provided a useful visual aid to plan 
the expected final occlusion in three dimensions of space, which greatly facilitates 
orthodontic treatment planning and sequencing.28,29 A diagnostic set-up is defined as a 
physical or digital procedure that involves cutting and re-mounting the teeth on the study 
models to evaluate the teeth in the predicted post-treatment occlusion.28 A diagnostic set-
up can be performed multiple times if required,29 which permits the evaluation of different 
treatment options and the respective occlusal limitations of each option. In addition, such 
models can facilitate the orthodontic mechanotherapy required for successful treatment,30 
which can be particularly useful for borderline cases.28 Due to the time and labour involved 
in cutting and manipulating physical stone models, use of digital scanning and virtual 
models of the dental arches is becoming more common in contemporary clinical 
orthodontics.28 Despite this, the conventional analogue diagnostic study model remains an 
extremely useful visual and tactile tool for patient and clinician.30  
 
During the interdisciplinary management of this patient, several restorative options were 
considered for the undersized maxillary lateral incisors. Ultimately, the most conservative 
option of directly bonded composite resin restorations was chosen by the patient. 
Contemporary and well-executed composite restorations can exhibit excellent physical 
properties, marginal integrity and aesthetics and are, by nature, minimally invasive.31, 32 
Another advantage of a composite resin restoration is its inherent versatility, that is, its 
structure can be modified, repaired and re-polished easily in situ.27  
It must be noted that the potential disadvantages of directly placed composite restorations, 
may include adhesive failure, discoloration, marginal discrepancies, microleakage and 
polymerisation shrinkage.33 The alternative treatment option of porcelain laminate 
restorations have the advantages of high abrasion resistance, color stability and A
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characterisation options through internal and external staining.27 Compared to all-ceramic 
restorations, composite resin is relatively inexpensive, not generally at risk of catastrophic 
brittle fracture and not likely to result in abrasive wear of the opposing dentition.27  
 
 
 
CONCLUSION 
 
This case report demonstrates the importance of comprehensive diagnosis and appropriate 
interdisciplinary management for an adult patient with a moderate Class III malocclusion 
and a significant Bolton’s tooth width ratio discrepancy. Clinicians must be prepared to 
clearly explain all reasonable and relevant treatment options, along with their respective 
risks, costs, benefits and limitations. Obtaining adequate informed consent is mandatory 
and must involve a discussion of realistic treatment objectives and the predictability of the 
relevant treatment options. There are various management strategies for a diagnosed 
Bolton’s tooth width ratio discrepancy associated with diminutive maxillary lateral incisors. 
Numerous structural, occlusal and cost-benefit factors require careful evaluation to achieve 
effective and pleasing treatment outcomes. 
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Table 1. Summary of Diagnostic Findings and Systematic Problem List 
 
Skeletal Features 
Horizontal:  
Moderate Class III skeletal base relationship resulting predominantly from a retrusive maxillary position 
Vertical:  
Normal mesofacial vertical skeletal morphology 
Transverse:  
Facial symmetry determined to be within normal limits 
Pathology: 
Nil significant 
 
Dental Features 
Horizontal:  
RHS: Class III molar and canine relationship 
LHS: Class I molar and canine relationship  
No significant mandibular functional shift was detected upon closure 
Reverse overjet of 2mm (anterior crossbite from tooth 13 to 22) 
Retroclined maxillary incisors primarily due to the diminutive 12 and 22 and the resultant loss of maxillary arch 
perimeter 
Vertical:  
Reduced vertical overbite 
Transverse:  
Maxillary dental midline located 3mm to the RHS of the facial midline and mandibular dental midline 
Diminutive 12 and 22 (directly associated with a significant relative mandibular Bolton’s ratio excess) 
Posterior crossbite of the 15 
Buccal crown tipping of the maxillary molars (indicating pre-existing transverse dentoalveolar compensation 
for a reduced transverse maxillary with) 
Pathology: 
Symptomatic third molar teeth 
 
Soft Tissue Features 
Horizontal:  
Retrusive maxillary lip position secondary to the retrusive maxillary skeletal base position 
Vertical:  
Nil significant A
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Transverse:  
Nil significant as the facial symmetry is within normal limits 
Pathology: 
Nil significant 
 
  
Systematic Problem List 
1. Symptomatic third molars 
2. Moderate Class III skeletal base relationship (with no significant remaining skeletal growth potential) 
resulting predominantly from a retrusive maxillary position, also resulting in a retrusive maxillary lip 
position  
3. Class III malocclusion with an anterior crossbite and relative maxillary transverse width discrepancy 
4. Diminutive maxillary lateral incisor tooth morphology, which exacerbates the Class III anterior tooth 
relationship and is also directly associated with a significant relative mandibular Bolton’s ratio excess 
 
 
 
 
 
 
Table 2. Relevant Treatment Options  
 
Treatment Option 1 
 
Surgical-Orthodontic Treatment: Pre-surgical orthodontic decompensation is required to 
align the maxillary and mandibular teeth. Bimaxillary surgery is then performed to correct 
the skeletal base relationship and Class III malocclusion.  
 
Restorative Treatment: Restoration of the diminutive maxillary lateral incisor teeth with 
either composite restorations or indirectly fabricated ceramic restorations are required to 
optimise their morphology and smile arc aesthetics of the maxillary anterior teeth and 
address the relative maxillary Bolton’s tooth width ratio deficiency.  
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A combined surgical orthodontic treatment has the ability to provide the most ideal occlusal 
and facial outcome. To achieve this, any pre-existing dentoalveolar compensation in both the 
horizontal and transverse dimensions must be removed pre-surgically. This would involve 
slightly proclining the mandibular incisors and thus effectively increasing the dimension of 
the reverse anterior overjet. This would permit a larger surgical advancement of the 
retrusive maxilla, which would improve the upper lip position simultaneously. In the 
transverse plane, surgically assisted maxillary expansion would be required to harmonise the 
respective maxillary and mandibular widths. Depending upon the patient and surgeon’s 
preferences, this maxillary expansion surgery could be performed as a first stage along with 
removal of the third molars or as a segmental procedure at the same time as the maxillary 
advancement surgery. 
  
Advantages: A combined surgical-orthodontic approach can predictably correct the Class III 
skeletal base relationship, with the ability to simultaneously provide improved facial balance 
and ideal dental occlusion. 
 
Disadvantages: Inherent risks are involved with orthognathic surgery, along with increased 
financial and opportunity costs.  In addition, pre-surgical orthodontic decompensation will 
generally exacerbate the appearance of the pre-existing facial imbalance, which can be 
associated with potential emotional distress.  
 
 
Treatment Option 2 
 
Orthodontic Treatment: Orthodontic camouflage of the Class III malocclusion is generally 
achieved through planned proclination of the maxillary anterior teeth and retroclination of the 
mandibular anterior teeth. The right-hand side crossbite and likely non-ideal anterior occlusion 
would need to be knowingly accepted. 
 
Restorative Treatment: Restoration of the diminutive maxillary lateral incisor teeth with either 
composite restorations or indirectly fabricated ceramic restorations are required to optimise 
their morphology and smile arc aesthetics and address the relative maxillary Bolton’s tooth 
width ratio deficiency. A
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Specific Treatment Objectives: 
The predictability of camouflage orthodontic treatment is generally determined by the pre-
existing severity of the skeletal base relationship. Planned proclination of the maxillary incisors 
and retroclination of the mandibular incisors would ultimately achieve the correction of the 
reverse overjet. Transverse correction is limited beyond 2mm and should not be attempted due 
to the pre-existing buccal crown tipping of the maxillary molars. Further unwarranted buccal 
tipping would reduce the dimension of the buccal overbite and is considered to be unstable. 
 
Advantages: The orthodontic camouflage treatment option has reduced complexity and avoids 
the inherent risks associated with bimaxillary orthognathic surgery. 
 
Disadvantages: The right-hand side lingual crossbite and likely non-ideal anterior occlusion 
would need to be knowingly accepted. Non-ideal tooth angulations such as retroclined lower 
incisors are a likely and expected outcome.  
 
 
Summarised Comparison of Treatment Option 1 and 2 
 
     Treatment Option 1   Treatment Option 2  
 
Reverse overjet correction   Yes    Yes 
 
Pre-existing dentoalveolar compensations Decompensate and correct Increases compensations 
 
Posterior width correction    Yes (maxillary expansion)  No (accept pre-existing width) 
 
Expected facial profile changes            Significant              Minimal 
 
Financial costs     +++    ++ 
 
Biological risks     +++     + 
 
Restorative Treatment Required   Yes    Yes 
(to address the Bolton’s ratio discrepancy) 
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